Introduction
The subphylum Ustilaginomycotina includes diverse basidiomycete fungi that are currently assembled in four main lineages accepted as classes, the Exobasidiomycetes, U s t i l a g i n o m y c e t e s ( B e g e r o w e t a l . 2 0 1 4 ) , Malasseziomycetes, and Moniliellomycetes (Wang et al. 2014) . The members of Ustilaginomycotina are unified by physiological, ultrastructural, and molecular characters, having a distinctive cell wall carbohydrate composition with a dominance of glucose and the absence of xylose, septal pores (in most species) enclosed at both sides by membrane caps, and zones of host-parasite interaction with fungal deposits resulting from exocytosis of primary interactive vesicles (Bauer et al. 1997 (Bauer et al. , 2001b Begerow et al. 2007 Begerow et al. , 2014 ; as well as forming a monophyletic group in broadsampling fungal phylogenies Matheny et al. 2007; Begerow et al. 2007 Begerow et al. , 2014 . The subphylum Ustilaginomycotina comprises species with diverse life strategies and organization, including plant parasitic teliosporic species (classical smut fungi), plant parasitic nonteliosporic species, saprobic yeasts lacking or with a thus far unknown parasitic phase, and zoophilic lipophilic yeasts (Bauer et al. 2001b; Begerow et al. 2014 ).
Most ustilaginomycotinous species are dimorphic, i.e., their life cycle involves a saprobic yeast phase and a plant parasitic dikaryophase (Bauer et al. 2001b; Sampaio 2004; Begerow et al. 2014) , but from many species, only a saprobic yeast phase is known: either these species lost the ability to develop a plant parasitic phase or this phase is currently unknown. These species are unevenly distributed through the ustilaginomycotinous tree of life, being known in seven of the 11 currently recognized orders of this fungal subphylum. Plant parasitic species are lacking in the Malasseziales and Moniliellales, which include only anamorphic yeast species classified in the genera Malassezia Baill. and Moniliella Stolk & Dakin, respectively (Begerow et al. 2000; Sampaio 2004; Wang et al. 2014) . The order Ustilaginales contains a huge number of plant parasitic teliosporic species, mostly members of Poaceae and Cyperaceae, and comprises several anamorphic species classified in the genera Pseudozyma Bandoni emend. Boekhout, typified by P. prolifica Bandoni, and Farysizyma Á. Fonseca, typified by F. itapuensis Landell & P. Valente. Pseudozyma species are polyphyletic (mostly) within the ustilaginacean lineage, assigned to the socalled Ustilago-Sporisorium-Macalpinomyces complex (Begerow et al. 2000; Sampaio 2004; Stoll et al. 2005 ) that is currently split into several distinct genera (McTaggart et al. 2012) . Farysizyma accommodates asexual members of the plant parasitic teliosporic genus Farysia Racib. (Inácio et al. 2008 ). In the spirit of the current International Code of Nomenclature for algae, fungi, and plants (ICN), in the future, probably all Pseudozyma and Farysizyma species will have to be merged with the respective teliosporic genera, since apparently all of them are only asexual morphs of known sexual genera and do not represent distinct lineages deserving a generic name.
The order Entylomatales, with one sexual genus, Entyloma de Bary, includes the anamorphic genus Tilletiopsis Derx. The type species T. washingtonensis Nyland and some related species form a distinct lineage (Begerow et al. 2000; Sampaio 2004; Boekhout et al. 2006 ) and probably deserve generic status. Several other Tilletiopsis-like species are apparently only asexual morphs of either the teliosporic genus Entyloma (Boekhout et al. 2006) , or have affinity to the teliosporic genera Jamesdicksonia Thirum., Pavgi & Payak, G j a e r u m i a R . B a u e r, M . L u t z & O b e r w. , a n d Phragmotaenium R. Bauer, Begerow, A. Nagler & Oberw. in the Georgefischeriales (Bauer et al. 2001a Boekhout et al. 2006) . Two species (Tilletiopsis albescens Gokhale, T. pallescens Gokhale) cannot be assigned to any major group of the Ustilaginomycotina (Begerow et al. 2000 Boekhout et al. 2006) .
The orders Exobasidiales and Microstromatales include diverse assemblages of sexual and asexual species. In the former order, anamorphic species are classified in two asexual genera: Acaromyces Boekhout, Scorzetti, Gerson & Sztejnb., typified by A. ingoldii Boekhout, Scorzetti, Gerson & Sztejnb., and Meira Boekhout, Scorzetti, Gerson & Sztejnb., typified by M. geulakonigii Boekhout, Scorzetti, Gerson & Sztejnb. (Boekhout et al. 2003) . In the latter order, anamorphic species are assigned to the following three asexual genera: (Sugiyama et al. 1991; Simpson 2000; de Beer et al. 2006; Sipiczki and Kajdacsi 2009) , while some other species are apparently only asexual morphs of known sexual genera (de Beer et al. 2006) . To date, yeast-like saprobic species are unknown in the orders Ceraceosorales, Doassansiales, Tilletiales, and Urocystidales.
The plant parasitic teliosporic members of the subphylum Ustilaginomycotina, i.e., classical smut fungi, were recently studied in Iran by Vánky and Abbasi (2013) , resulting in a monographic publication that includes descriptions, illustrations, host plants and the geographic distribution of 15 genera with 96 species occurring in this country (and one genus with t h r e e s p e c i e s o f f a l s e s m u t s c l a s s i f i e d i n t h e pucciniomycotinous order Microbotryales (Vánky and Abbasi 2013) . One additional genus with one species was added afterwards (Vasighzadeh et al. 2014) , but still, the potential diversity of classical smut fungi in Iran is probably much higher. In contrast to the plant parasitic teliosporic species, the information on most of the remaining members of the subphylum Ustilaginomycotina occurring in this country is principally unavailable; the exceptions are studies on Pseudozyma fusiformata (Buhagiar) Boekhout as a biocontrol agent against Aspergillus flavus Link (AfsahHejri 2013), and studies on Malassezia species causing human skin diseases in Iran (Moniri et al. 2009; Shokohi et al. 2009; Hedayati et al. 2010; ZareiMahmoudabadi et al. 2013) .
In the course of biodiversity research focusing on yeast species occurring in native environments of Iran, two strains of a yeast-like fungus have been isolated from plant remnants on Kharg Island in the Persian Gulf. The morphological, physiological and molecular analyses revealed the affinity of these strains to plant parasitic teliosporic species (classical smut fungi) classified in the order Urocystidales. This study aims at resolving the identity of these two strains and the phylogenetic placement within the Ustilaginomycotina.
Materials and methods
Isolation, morphology, physiology, and carbohydrate analysis Residual plant blocks were collected aseptically and macerated in 90 ml saline. Dilutions from this sample were directly plated on Rose Bengal agar (Himedia, Mumbai, India) supplemented with 0.1 g/l chloramphenicol, followed by incubation at 28°C for 48 h. Representatives of different morphological types of yeast colonies were isolated and purified by streaking on yeast peptone glucose (YPG) agar medium at 28°C. Two isolates that formed similar colonies were selected for further examination. To assess colony morphology and sizes, the isolates were grown on YPG agar, 2 % malt extract agar (MEA, Merck, Germany), dichloran 18 % glycerol agar (DG18, Merck, Germany) and malt yeast 40 % sucrose agar (M40Y) (Nguyen et al. 2013 ). Microscopic observations were carried out on the yeast cells grown on cornmeal agar (CMA) and YPG agar.
To test for forcibly discharged ballistoconidia, these isolates were grown on cornmeal agar (CMA) (Merck, Germany). The dish was then inverted over another Petri dish of 5 % MEA and incubated at 28°C. After 21 days of incubation in the inverted position, the MEA dish was checked for structures shot down from the colony grown on CMA. Microscopic observation was made from the above-mentioned cultures using Lactophenol Cotton Blue as a staining medium. Microscopic examinations were carried out using the 100× objective of a Nikon Eclipse 80i microscope.
The physiological and biochemical characteristics of the isolates were determined according to the standard methods described by Barnett et al. (2000) , while Kurtzman et al. (2011) were consulted to check whether the isolates represent already known species. To determine the enzymatic profile of the isolates, the degradation of starch, protein (casein), lipids (Tween 20 and Tween 80), phospholipids (egg yolk), gelatin, DNA, xylan, and carboxymethyl cellulose was studied according to the procedures from Brizzio et al. (2007) . Petri plates containing each substrate were incubated at 28°C.
To analyze the carbohydrate composition of the cell wall, 50 mg of dried cells cultivated from yeast extract peptone dextrose broth (YPD: 1 % yeast extract, 2 % peptone and 2 % dextrose (w/v)), were hydrolyzed with 1 ml of 1.0 M H 2 SO 4 at 100°C for 2 h, and then cooled, with the pH adjusted to 5.5 with a saturated solution of Ba(OH) 2 . The precipitate was removed by centrifugation. The supernatant was dried in a rotary evaporator and resolved in 50 μl of distilled water. A 1 μl aliquot of this solution was applied on a cellulose thin layer chromatography (TLC) plate and developed with a solvent system containing n-butanol: water: piridine: toluene (10:6:6:1) for 4 h. Sugars were visualized by an aniline phthalate solution and compared with a 1 μl aliquot of 1 % (w/v) of standard solutions of high purity sugar mixtures (Komagata and Suzuki 1987; Kurtzman et al. 2011 ).
DNA extraction, PCR, and sequencing
For DNA isolation, strains were grown in YPG broth at 28°C for 24 h, followed by DNA extraction according to Hanna and Xiao (2006) . ITS 1 and ITS 2 regions of the rDNA, including the 5.8S rDNA, were amplified by PCR using the primer pair ITS1 and ITS4 (White et al. 1990 ), the 5′-end of the nuclear large subunit ribosomal DNA (D1/D2 region, LSU) using the primer pair NL1 and NL4 (O'Donnell 1992 (O'Donnell , 1993 , and the nuclear small subunit ribosomal DNA (SSU) using the primers NS1 and NS8 (White et al. 1990 ). DNA sequences determined for this study were deposited in GenBank, and accession numbers are given in Table 1 .
Phylogenetic analyses
To elucidate the phylogenetic position of the isolated strains, their sequences were analysed within both single gene datasets (SSU, ITS, and LSU) and a concatenated dataset (SSU + LSU). Since preliminary analyses revealed an affinity of the two stains to the Urocystidales, the datasets were reduced to members of the Ustilaginomycetes, with some representatives of the Exobasidiomycetes as an outgroup. Each dataset covered all urocystidalean and ustilaginalean genera for which sequences were available in GenBank. If present in GenBank, the respective type species were used. Additionally, the sequence of an uncultured fungus clone, MAC09GadID (GenBank: JN890075), revealed by a Blast search (Altschul et al. 1997 ) as a closely related sequence, was added to the LSU dataset. GenBank accession numbers of the sequences used for the LSU dataset (Boekhout et al. 1995; Begerow et al. 1997 Begerow et al. , 2007 Piepenbring et al. 1999 Piepenbring et al. , 2002 Fell et al. 2000; Castlebury et al. 2005; Hendrichs et al. 2005; Stoll et al. 2005; Vánky et al. 2006 Vánky et al. , 2008a Bauer et al. 2007 Bauer et al. , 2008 González et al. 2007; Matheny et al. 2007; McGuire et al. 2010; Vánky and Lutz 2011; Lutz et al. 2012a, b; McTaggart et al. 2012; Piątek et al. 2013 ) are given in Fig. 1 .
Sequence alignment was obtained using MAFFT 6.853 (Katoh et al. 2005; Katoh and Toh 2008) using the L-INS-i option. To obtain reproducible results, manipulations of the alignments by hand as well as manual exclusion of ambiguous sites were avoided, as suggested by Giribet and Wheeler (1999) and Gatesy et al. (1993) , respectively. Instead, highly divergent portions of the alignments were omitted using GBlocks 0.91b (Castresana 2000) , with the following options for the LSU data set. 
Results

Morphological and physiological analyses
The growth rate and the colony appearance of the two isolates were different on the solid media tested ( Table 2) . One of the isolates (IBRC-M 30116 T ) produced cream-colored yeast colonies on YPG (Fig. 2a) and grey-colored yeast colonies on MEA, M40Y and DG18 (Fig. 2b-d Begerow et al. (2014) (IBRC-M 30112) produced cream-colored yeast colonies on all media (Fig. 2e-h ). Both isolates produced colonies with eroded and fringed margins, except strain IBRC-M 30112, which produced rounded colonies on DG18. However, the two isolates were quite similar microscopically. The vegetative cells were mostly cylindrical, single or in small clusters.
Vegetative reproduction via blastospores occurred by polar budding on short stalks (Fig. 3a) . Ballistoconidia were produced on cornmeal agar (Fig. 3b ) after 7 days of incubation at 28°C. Ballistoconidia were formed terminally on sterigmalike structures in attachment to the hyphae or other ballistoconidia (Fig. 3c-d) . Blastospore production was also observed in direct connection to the ballistoconidia in terminal or lateral position (Fig. 3e-f) . Retraction septate hyphae and pseudohyphae were observed after 14 days of incubation on 5 % malt agar (Fig. 3g-i) . Sexual structures and teliospore production were not observed in cultures of both strains. The detailed morphology is included in the species description and depicted in Figs. 2 and 3 .
Fermentation ability was absent. Assimilation of most of carbon sources was observed. Based on the enzymatic activity assay, the isolates produced urease, gelatinase, and lipase. DNase production was observed for only one of the isolates (IBRC-M 30112). The TLC chromatogram from the whole 
Phylogenetic analyses
The ITS sequences of the two isolates were identical, LSU sequences differed in 2 bp (0.34 %), and SSU sequences differed in 8 bp (0.47 %). Analyses of all datasets revealed the two isolates within the Urocystidales. The different runs of the BA that were performed and the ML analyses yielded consistent topologies. To illustrate the results, the consensus tree of one run of the BA of the LSU dataset is presented (Fig. 1) , because the LSU dataset covered substantially more genera compared to both the ITS and SSU datasets.
Using the exobasidiomycetous species as outgroup, the statistically well-supported groups appearing in the phylogenetic tree were congruent to the families and orders discussed in Begerow et al. (2014) . In all analyses, the sequences of the two isolates clustered together within the Urocystidales, forming a lineage together with Mycosyrinx cissi (DC.) Beck (Mycosyringaceae), an uncultured fungus clone MAC09GadID (GenBank: JN890075), and the clade including the Floromycetaceae and Urocystidaceae. However, the relation between those four groups received only low support values. Fereydoun Malekzadeh (1933 for his contribution to microbiology in Iran.
Description: Members of the Fereydouniaceae with a predominance of glucose and an absence of xylose in whole-cell hydrolysates, a broad spectrum of carbon source assimilation, urease activity, absence of fermentation ability, and a positive diazonium blue B reaction. Ballistoconidia, blastospores, retraction septate hyphae and pseudohyphae are present. Sexual structures and teliospore production absent. T preserved in a metabolically inactive state (lyophilized); CBS 13305 T -Isotype]. Description: Colony diameters (mm) after 7 days at 28°C: MEA 16-21 (mean=14.5, n=9); YPG 18-22 (mean=20, n=9); M40Y 8-11 (mean=13.0, n=9); DG18 20-30 (mean=25, n=9). The isolate produced cream-colored yeast colonies on YPG (Fig. 2a) and grey-colored yeast colonies on MEA (Fig. 2b) , M40Y ( Fig. 2c) and DG18 ( Fig. 2d ) with eroded and fringed margins. Vegetative reproduction via blastospores occurred by polar budding on short stalks (Fig. 3a) . Production of ballistoconidia observed on cornmeal agar. On cornmeal agar, ballistoconidia were produced, 5.5-15.5×1.5-3.5 μm (mean± SD=10.0±0.7×2.0±0.1 μm), single (Fig. 3b) or in small clusters. Ballistoconidia were formed terminally on sterigma-like structures in attachment to the hyphae or other ballistoconidia (Fig. 3c-d) . Blastospore production was also observed in direct connection to the ballistoconidia in terminal or lateral position (Fig. 3e-f) . The retraction septate hyphae and pseudohyphae emerging from swollen vegetative cells (Fig. 3g-i) were observed after 14 days of incubation on 5 % malt agar. Sexual structures were not observed. Fermentation ability was absent. The following carbon compounds were assimilated: D-glucose, D-galactose, sucrose, maltose, cellobiose, trehalose, raffinose, lactose, melibiose, melezitose, D-xylose, L-arabinose, D-arabinose, D-ribose, L-rhamnose, soluble starch, ethanol, glycerol, ribitol, D-mannitol, myo-Inositol, salicin (weak) , succinic acid, citric acid, DL-lactic acid, nhexadecane, arbutin; no growth occured on inulin and methanol. The nitrogen compounds potassium nitrate, sodium nitrite, lysine, ethylamine, and cadaverine were assimilated and imidazole, creatine and creatinine were not assimilated. Growth occurred at 34 and 37°C but not at 40°C. Growth occurred in vitamin-free medium, and media containing 50 and 60 % glucose. Growth occurred in the presence of 0.01 % cycloheximide, but not in 0.1 % cycloheximide. Growth occurred in the presence of 10 % sodium chloride, but not in 16 % sodium chloride. No starch-like substances were produced. Diazonium blue B reaction and urease activity were positive.
Discussion
The morphological, physiological and molecular phylogenetic analyses conducted in this study revealed that the two strains of yeast-like fungus isolated from plant remains on Kharg Island in Iran belong to an undescribed genus and species that is named here as Fereydounia khargensis. Molecular phylogenetic reconstructions inferred that, within the Ustilaginomycotina, this species resides in the Urocystidales, a distinct order currently including teliosporic species (classical smut fungi) parasitic on dicotyledonous and monocotyledonous host plants . In recent classification schemes (Begerow et al. 2014) , the order Urocystidales is split into five main lineages assigned to families: the Glomosporiaceae, containing the single genus Thecaphora with 63 species parasitic on dicotyledonous plants from 16 host families (Vánky et al. 2008b; Vasighzadeh et al. 2014) ; the Doassansiopsidaceae, including the single genus Doassansiopsis (Setch.) Dietel with 14 species parasitic on dicot and monocot plants from five host families ; the Mycosyringacae, containing the single genus Mycosyrinx Beck with four species parasitic on Vitaceae ; the Floromycetaceae, accommodating two genera, Floromyces Vánky, M. Lutz & R. Bauer with one species and Antherospora R. Bauer, M. Lutz, Begerow, M. Piątek & Vánky with 11 species, both parasitic on Asparagaceae (Vánky et al. 2008a; Piątek et al. 2011 Piątek et al. , 2013 ; and the Urocystidaceae, including seven genera: Flamingomyces R. Bauer, M. Lutz, M. Piątek, Vánky & Oberw. with one species on Ruppiaceae, Melanoxa M. Lutz, Vánky & R. Bauer with two species on Oxalidaceae, Melanustilospora Denchev with two species on Araceae, Mundkurella Thirum. with five species on Araliaceae, Urocystis Rabenh. ex Fuckel with 166 species on different monocot and dicot families, Ustacystis Zundel with one species on Rosaceae, and Vankya Ershad with three species on Liliaceae (Denchev 2003; Bauer et al. 2007; Denchev and Kakishima 2007; Vánky 2009a Vánky , 2009b Vánky and Abbasi 2011; Lutz et al. 2012a ).
Molecular phylogenetic analyses conducted in this study revealed that Fereydounia khargensis represents a distinct urocystidalean lineage that cannot be assigned to any known family. Therefore, the new family Fereydouniaceae is introduced to accommodate Fereydounia khargensis. Morphologically, Fereydouniaceae is unique within Urocystidales, in that it accommodates an anamorphic species living freely in the environment and apparently not connected to any living host plant. It is currently unclear whether Fereydounia khargensis is a species that lost the ability to produce a dikaryotic stage or if the dikaryotic phase is simply undetected yet. However, considering that plant parasitic teliosporic species are relatively well known in southern Asia (and therefore a unique teleomorphic urocystidalean genus should already have been detected), and also that anamorph-teleomorph connections are in fact only rarely detected in molecular studies on the ustilaginomycotinous fungi [e.g., probable pairs may be , it is tempting to speculate that Fereydounia khargensis represents an anamorphic saprobic species that lost the ability to produce a dikaryotic phase.
Although Fereydounia khargensis is the first saprobic anamorph in the Urocystidales, asexual stages were already reported in some teliosporic plant parasitic members of this order. In contrast to Fereydounia khargensis, they were, however, always observed on the same living host plant as the teleomorph, and apparently, development of the anamorphic parasitic stage precedes development of the teliosporic stage; for example, in Thecaphora lathyri J.G. Kühn, T. seminisconvolvuli (Desm.) Ito, T. thlaspeos (Beck) Vánky, Urocystis primulae (Rostr.) Vánky or U. trientalis (Berk. & Broome) B. Lindeb. (Vánky 1994 ). An anamorphic parasitic stage was also observed in Thecaphora saponariae (F. Rudolphi) Vánky s.l. on Silene colorata Poir., though the teliosporic stage has not been subsequently observed on this host .
Fereydounia khargensis may represent a part of a larger diversity of urocystidalean saprobic yeast-like fungi. In the molecular phylogenetic analyses, the uncultured fungus clone MAC09GadID from an environmental soil sample in mixed lowland tropical rainforest in Guyana (GenBank: JN890075, generated for McGuire et al. 2010 but not included in a publication) clusters within Urocystidales, forming another distinct lineage. However, the formal description of this fungus needs isolation and culture of an appropriate organism that could be described and illustrated morphologically.
The discovery of a saprobic yeast fungus representing a new lineage in the order Urocystidales contributes greatly to the knowledge on the evolutionary diversity in the Ustilaginomycotina. With this finding, the number of ustilaginomycotinous orders with still unknown free-living anamorphic species, is reduced to three-Ceraceosorales, Doassansiales, and Tilletiales. However, with the increasing application of molecular methods to identify yeast isolates, this may change, and novel lineages could be discovered, especially amongst the strains isolated from still poorly explored tropical and subtropical ecosystems.
